Summary.-The lymphocyte marker pattern of non-Hodgkin's lymphoma cells was related to current concepts of lymphoma classification. In a series of 28 lymphomas, lymphocyte markers indicated that 2 were of histiocytic origin, 2 were unclassifiable, none were derived from T cells and the remainder were B -cell neoplasms. The immunoglobulin heavy chain associated with the B-cell tumours was y in one case, af in one case but was ,-in the majority of cases, reflecting the predominance of this heavy chain, together with 8 chains, on normal lymph node lymphocytes in man. 8 chains accompanied ,u chains on the tumour cells i!1 6/17 lymphomas in which anti-8 staining was performed. 8 chains were not found on any lymphomas other than well differentiated diffuse lymphocytic types. There was evidence of a reduction in surface immunoglobulin, Fcy and C3 receptors on undifferentiated lymphoma cells. T lymphocytes of normal morphology were present in all lymphomas except one, and were more numerous in follicular lymphomas than in diffuse tumours.
MANY lymphoproliferative diseases involving peripheral blood and bone marrow have been shown to originate from distinct lymphocyte populations defined by surface markers for T and B lymphocytes (Seligmann, Preud'homme and Brouet, 1973; Aisenberg, Bloch and Long, 1973; Brouet, Flandrin and Seligmann, 1973) . This kind of analysis has more recently been applied to malignant lymphomas, the solid tumours of the immune system (Smith et al., 1973; Jaffe et at., 1974; Huber et al., 1974; Aisenberg and Long, 1975; Leech et al., 1975) Brouet, Labaume and Seligmann, 1975) . The classification of these diseases is currently receiving a critical re-analysis in the light of current immunological understanding of the function of the components of the immune system (Gerard-Marchant et al., 1974; Lukes and Collins, 1975; Bennett et at., 1974) . We have investigated a group of untreated non-Hodgkin's lymphomas using a panel of lymphocyte markers, including surface and intracellular immunoglobulin, Fcy and C3 receptors and sheep erythrocyte (E) receptors. The receptor pattern of these lymphoma cells has been related to normal lymphocyte maturation and to current concepts of lymphoma classification.
MATERIALS AND METHODS
Lymph nodes and peripheral blood.-Lymphoma tissue was obtained from biopsy specimens taken from 27 untreated patients. One patient (MID) had received treatment. Uninvolved nodes from patients with carcinoma, and nodes showing non-specific reactive changes, were used as controls.
Biopsy tissue was finely minced and teased in cold HEPES-buffered Eagles' medium (HEPES-MEM, Biocult Laboratories, Paisley), filtered through wire gauze and layered over Ficoll-Triosil (Thorsby and Bratlie, 1970) . Cells collected at the interface were washed x 3 by centrifugation (150 g, 10 min) and the final pellet was resuspended at a density of 2 x 106 cells/ml in HEPES-MEM with 0.2% bovine serum albumin (BSA).
Viability was greater than 80% in all cases except in one undifferentiated stem cell lymphoma (see results).
Rosette tests.-Full details of cell preparation for the sheep rosette test (E), Fc y rosette test, C3 rosette test and mixed antiglobulin (MAG) reaction are described elsnwhere (Hallberg et al., 1973; Smith and Haegert, 1974) . In tlhle C3 rosette test, both human R3 reagent (zymosan-treated whole serum) and mouse serum (BALB/c or AKR) were used as a source of complement with control lymph nodes. In lymphoma cell preparations, mouse serum (AKR) was used consistently. Except for minor modifications, the method of rosette formation has been described fully elsewhere (Smith and Haegert, 1974; Payne et al., 1976 
Lymiphoma nodes
The percentage of cells with T-and Bcell markers in 28 non-Hodgkin's lymphoma nodes are given in Table III . Each lymphoma is classified according to both Rappaport's (1966) and Lukes and Collins' (1975) Tables III and IV (Lukes and Collins, 1975) . It has been suggested that many non-Hodgkin's lymphomas are malignant proliferations of B lymphocytes at various points along an antigen-driven maturation pathway and that few lymphomas represent true histiocytic neoplasms (Salmon and Seligmann, 1974; Gerard-Marchant et al., 1974; Lukes and Collins, 1975) . Of the 28 cases studied by us, lymphocyte markers confirmed that 2 lymphomas were of histiocytic origin, whereas none were derived from T cells, 2 were unclassifiable and the remainder were B-cell neoplasms. Ultrastructural, cytological and functional features of two cases (PUR, WUZ) indicated a histiocytic origin. In PUR the tumour cells had no detectable lymphocyte markers. In WUZ the tumour cells had C3 receptors, but the surface immunoglobulin detected on these cells by the MAG test was not seen by direct immunofluorescence and may represent absorbed immunoglobulin.
The other lymphomas were classifiable on the basis of Lukes and Collins' scheme as lymphoid in origin. However, 2 of these (SHE, STE) did not exhibit monotypic surface or intracellular immunoglobulin consistent with B-lymphoid origin. Both these immunoblastic sarcomas differed significantly in surface receptor expression. One (STE) lacked all receptors investigated and presented as a null-cell lymphoma. SHE tumour cells expressed both Fc y and C3 receptors, but the surface immunoglobulin findings (IgGKA) suggested an extrinsic rather than intrinsic origin. The differing surface receptor patterns on these two lymphoma cases with cytological similarity to a third case (SIR), for which lymphocytic markers confirmed a B-lymphoid origin, illustrates the heterogeneity within lymphomas of this type classified on morphological criteria alone.
The remaining 24 lymphomas were considered to be of B-lymphocyte origin by virtue of monotypic surface immunoglobulin or by monotypic intracellular immunoglobulin. The class and intensity of surface-immunoglobulin staining varied between lymphomas of different histological types. t heavy chain was identified in 21 cases, y in 1 and of in 1. The surface light chain was K in 17 cases and A in 6. This ratio of K/A light-chain-bearing tumours and the predominance of u heavy-chain-bearing tumours reflects the expression of light and heavy chains in normal lymph nodes. 8 heavy chains were found together with pu chains on the tumour cells of 6/17 cases in which 8 was investigated. All of the 8-bearing cases were well differentiated diffuse lymphocytic lymphomas. 8 did not occur on the same number of cells as ,u, but crossover indicated that many tumour cells from these cases expressed both ,u and 8 heavy chains. Furthermore, in each case there was a difference in staining intensity for p and 8 chains: in only one case (HOL) was the anti-8 staining brighter than anti-,u. Although there are too few cases for general conclusions to be drawn, the restriction of s-chain expression to small lymphocyte non-follicular centre cell (non-FCC) lymphomas is of considerable interest, and is in conflict with the findings of others who have demonstrated 8 on lymphomas outside this group (Preud'homme et al., 1974; Leech et al., 1975) . In control lymph nodes, including those with prominent follicular hyperplasia, most B cells expressed both surface 8 and y heavy chains.
The intensity of membrane-immunoglobulin staining varied between lymphomas of different types. Variable staining ranging from strong to weak was observed in the small, non-FCC group, the tissue counterpart of CLL, which is consistent with the patterns of surface immunoglobulin staining observed in CLL (unpublished observations present only weakly, in several of the undifferentiated lymphomas and were absent from the plasmacytoma. It has been suggested that these undifferentiated lymphoma cells may be related to non-cleaved FCC or immunoblasts, that is, lymphocytes relatively far advanced along an antigen-driven maturation pathway (Lukes and Collins, 1975) . A loss or reduction in surface immunoglobulin, Fc y and C3 receptors on these lymphoma cells would therefore be consistent with a loss or reduction of these receptors during B-cell maturation (Perkins, Karnovsky and Unanue, 1972; Nossal and Lewis, 1972; Basten, Warner and Mandel, 1972; Bianco, Patrick and Nussenzweig, 1970; Parish and Hayward, 1974) .
None of the lymphomas were derived from T lymphocytes; however, small T lymphocytes of normal morphology were present in all but one of the lymphomas studied, and accounted for, on average, 28% of the extracted cell population.
A higher proportion of T cells was found in follicular lymphomas (average 45%) than in diffuse lymphomas (average 24%) . This may be of significance in relation to the better prognosis of follicular lymphomas compared with diffuse tumours.
